Fruit rind of Garcinia pedunculata is one of the important medicinal plant and a condiment used in Indian kitchen. In spite of many medicinal properties ascribed to this species, less of pharmacological studies are carried out on this species. The objective of present study was to determine the quality standards of the fruit rind followed by evaluation of nephroprotective activity of aqueous extract in cisplatin induced nephrotoxicity. Macromicroscopic, physico-chemical, preliminary phytochemical and HPTLC studies were carried out following pharmacopoeial procedures. On 7 th days an hour after treatment with group specific drugs, cisplatin 20mg/kg was injected intraperitonially to all groups except normal control mice. Nephrotoxicity was assessed by serum biochemical, antioxidant and histological changes in kidney after 72h of cisplatin injection. Pharmacopoeial tests revealed authenticity and quality indicating standards for the fruit rind. Single intraperitonial injection of cisplatin significantly elevated serum urea, creatinine and lipid peroxidation in kidney tissue compared to the control group. The drug has exhibited necrotic changes in the tubular epithelium, edematous changes in the interstitial tissue and focal cell infiltration. These changes were significantly reduced with AFGP administration and considerably reversed the histological changes caused by cisplatin injection.
INTRODUCTION
Garcinia pedunculata Roxb., Fam. Clusiaceae is a tree common in dense forests of North-East India and Andaman Nicobar Islands. The dried rind of the mature but not fully ripen fruits (FRGP) has high medicinal value and used in diet of tribes of Assam and North-Eastern states of India. 1 It is used in various ailments such as fever, cough, bronchitis, asthma, rheumatoid arthritis, obesity and used as a cardiotonic drug. 2 The phytochemical analysis FRGP has shown phytochemicals such as pedunculol, garcinol, cambogin 3 and (-)-hydroxyl citric acid. 4 Hexane and chloroform extracts of FRGP Submission Date: 30-11-2016; Revision Date: 31-03-2017; Accepted Date: 13-07-2017 showed antioxidant activity, free radical scavenging activity and strong antimutagenicity, hexane extract being more active than chloroform. 3 The chloroform and hexane extract of FRGP showed MIC on growth of Aspergillus flavus at 3000 and 4000 ppm respectively. 2 FRGP is reported to have antibacterial, 5 hepatoprotective, 6 antiinflammatory 7 and cardio protective activities. 8 Cisplatin is a platinum coordinated cytotoxic drug which is widely used as a chemotherapeutic agent for metastatic testicular, ovarian carcinoma and in many other solid tumors. 9 Despite of its high therapeutic value, it has dose dependent nephrotoxicity. Cisplatin induced nephrotoxicity occurs by a complex mechanism. It first gets deposited in renal tissue and causes cytotoxic effect by producing reactive oxygen species. This leads to series of reactions like oxidative stress, inflammation and cell apoptosis. 10 It has been reported that cisplatin causes acute renal injury after high dose of chemotherapy in 20% of patients and they developed various degree of renal dysfunction. 11 There is a high mortality and morbidity among patients with high renal insufficiency. Several therapeutic strategies have been demonstrated to prevent cisplatin induced nephrotoxicity, among that vigorous hydration with normal saline is routinely practiced. But there is no specific treatment for prevention of nephrotoxicity. 12 Hence there is continuous search for better efficacious drugs to prevent the cisplatin induced nephrotoxicity. The present study aims to standardize the fruit rind of Garcinia pedunculata and to evaluate the nephroprotective efficacy of its aqueous extract.
MATERIALS AND METHODS

Chemicals
Cisplatin injection BP (was purchased from KEMO-PLAT -Fresenius Kabi Oncology Limited Solan, India). 5,5 dithiobis 2-nitrobenzoic acid, reduced glutathione, thiobarbituric acid, EDTA from HIMEDIA Laboratories Pvt. Limited, Mumbai India. All other chemicals and reagents used were of analytical grade.
Plant material
The fruits of G. pedunculata were collected from Assam during the month of April 2015. It was authenticated in Pharmacognosy laboratory at SDM Centre for Research in Ayurveda and Allied Sciences, Udupi and the voucher specimen (No. 13100501) has been deposited for further future reference.
Physicochemical standardization
The powdered fruit rind was standardized as per pharmacopoeial procedures. 13 The ethanol extract of the fruit rinds was tested for the presence of different phytoconstituents like alkaloid, steroid, flavonoid, tannin, glycoside etc. 14
Chemical fingerprinting by HPTLC
One gram of powdered fruit rind was extracted with 10 ml ethanol by cold percolation for 24 h, and then filtered. Five and ten µl of the above samples were applied on a pre-coated silica gel F254 of 0.2 mm thickness pre-coated on aluminum sheets (Merck, Germany) to a band width of 7 mm using CAMAG (Switzerland) Linomat 5 TLC applicator. 15 The plate was developed in toluene: ethyl acetate: formic acid (10: 2.5: 0.5) in CAMAG glass twin trough chamber previously saturated with mobile phase. The plate was derivatized using vanillin-sulphuric acid (VS), and heated at 105 °C till the spots appeared. 16, 17 The developed plates were visualized in CAMAG visualizing chamber under short UV, long UV and white light after derivatisation with VS. Following photo-documentation the plates were scanned using CAMAG Scanner 4 under 254 and 366 nm with the help of CAMAG WinCATS software. R f values and densitograms were recorded. 18
Experimental animals
Swiss albino mice weighing 30 to 35g body weight were used in the present study. Animals were procured from animal house attached to the department of Pharmacology & Toxicology SDM Centre for research in Ayurveda and Allied Sciences Udupi, India. The Institutional Animal Ethical Committee has approved for experimentation on animals with the reference no SDMCRA/ IAEC/SDM/RC 20. Animals were maintained at standard laboratory conditions such as temperature at 25 to 27 0 C, humidity of 50-55% and 12h light and dark cycles. Animals were fed with normal rat diet and water ad libitum.
Extract preparation
The fruit rinds were shade dried and powdered at SDM Pharmacy Udupi. The powder obtained from a single batch was used throughout the study. Fruit powder of G. pedunculata weighing 500 g was soaked in 2L of cold distilled water for 24 h was filtered and concentrated by evaporation. The concentrated extract was used for nephroprotective study.
Acute oral toxicity test
The acute oral toxicity study was carried out as per OECD guidelines 425 using AOT software. The aqueous extract of fruit rinds of Garcinia pedunculata (AFGP) was made into a suspension in 0.5% Carboxy methyl cellulose and dosed in the following order 175, 550, and 2000 mg/kg body weight. After the dosing the animals were observed for 14 days for mortality. The LD 50 was determined using AOT software.
Nephrotoxicity study
After a week of adaptation, mice were divided into four different groups with six mice in each group. Normal control and cisplatin control were treated with 0.5% CMC at dose of 0.5 ml/100g body weight. Group III & IV were treated with AFGP at a dose of 200 mg & 400 mg/kg body weight for 10 consecutive days. Cisplatin was dissolved in isotonic saline at a concentration of 2 mg/ml. On 7 th day, an hour after group specific drugs administration, cisplatin 20 mg/kg was injected intraperitoneal to animals in the cisplatin and test drug groups. On 10 th day (72h after cisplatin injection) an hour after last dose of treatment, blood was collected from retro-orbital plexus and animals were sacrificed. 19
Measurement of renal function
Blood was collected from retro-orbital plexus after 72h of cisplatin injection and centrifuged at 2000 x g for 5 min. Serum was separated and stored at -20 0 C until analysis. Serum urea and creatinine level were measured by commercially available kit (Liquicheck AGAPPE Diagnostics LTD) using autoanalyzer (ROCHE 9180 ANALYSER).
Renal histology
The excised kidney tissues were immediately placed in 10% formalin. Histology of kidney tissue was conducted by following standard protocol. 20 The tissues were embedded in paraffin wax and using microtome 8µm thickness sections were taken. The sections were stained with eosin and haematoxyline. The microscopic observations were made using light microscope and photomicrographs of same were taken using digital camera attached to trinocular microscope (ZEISS, Germany).
Assessment of antioxidant parameters
The tissue homogenate was prepared in phosphate buffer saline pH 7.4 and centrifuged at 4 0 C. The clear supernatant was collected and stored at -20 0 C. The supernatant was used for estimating catalase activity, glutathione peroxidase activity and lipid peroxidation using standard protocol.
Determination of catalase activity
The catalase activity in kidney tissue homogenate was measured according to the procedure of Sinha (1972) . 21 The tissue homogenate (1 ml) was added to test tube containing 5ml of phosphate buffer. To this added 4 ml of 0.2 M H 2 O 2 in phosphate buffer and time was noted. Exactly after 180 sec, 1 ml of reaction mixture was taken in 2 ml of dichromate acetic acid and kept in boiling water bath for 10 min. Test tubes were cooled and absorbance was taken at 570 nm against reagent blank. The catalase activity in tissue was expressed as µ moles H 2 O 2 consumed /mg protein/min.
Determination of glutathione peroxidase
The level of glutathione peroxidase in the tissue homogenate was measured according to the method of Rotruck. The tissue homogenate (0.2 ml) was added to the test tube containing 0.2 ml of EDTA, sodium azide, reduced glutathione, hydrogen peroxide and added 0.4 ml of buffer mixed well and incubated at 37 0 C for 10 min. The reaction was arrested by adding 0.5 ml of TCA and centrifuged. The supernatant (0.5 ml) was pipette into test tube containing 4ml of disodium phosphate and 0.5ml of DTNB. The colour developed was read at 420nm immediately and standard also treated in the similar manner. The level of glutathione peroxidase was expressed as µmoles of glutathione utilized /mg protein/min at 37 0 C. 22
Determination of lipid peroxidation
The lipid peroxidation was determined by measuring the MDA using thiobarbituric acid test. 23 Tissue homogenate (0.1 ml) was taken in a test tube containing 0.2 ml of 0.1% SDS, 1.5 ml of 20% acetic acid and 1.5 ml of 0.8 N aqueous solution of TBA. The volume of reaction mixture was made to 4 ml by adding distilled water and heated at 95 0 C for 60 min. The reaction mixture was allowed to cool and 1ml of distilled water, 5 ml of mixture of n-butanol and pyridine (15:1v/v) were shaken well. Finally centrifuged at 4000 rpm for 10min and absorbance was measured at 532 nm. The standard malondialdehyde was also processed in the same manner and level of lipid peroxidation was expressed as µmoles of MDA formed /g of wet tissue.
Statistical analysis
The results were expressed as Mean ± SEM and analyzed by one way ANOVA followed by Dunnet's multiple't' test using Graph Pad Prism 3. p <0.05 was considered as statistically significant.
RESULTS
The fruits of G. pedunculata were large, green in colour, which becomes yellow when ripened (Figure 1a-b ). It has a shiny smooth appearance. They weigh about 50 g with a measurement of 7-8×25-29cm. Fruit was covered by a thick skin; inside aril is succulent or pulpy. Each fruit has 4-8 seeds seen embedded in a fleshy pulp, which was slimy and has the medicinal value (Figure 1c-d) . The sundried longitudinally cut slices of the fruit rind are flattened, flexible, arcuate, the outer pericarp does not shrink unlike inner side, surface uneven, longitudinally wrinkled, bordered with incurved thick margin, corrugated at places and with pointed terminals, varies in length 2 to 5 mm in thickness, light coffee brown to black in colour, taste sour, odour characteristic ( Figure 1e) . TS of the rind shows an outermost layer of epicarp, consisting of tangentially running isodiametric cells embedded with stomata and covered with thin cuticle, extractive values of fruit rind of G. pedunculata were estimated in the study. The fruit rind was found to be free from any foreign matter such as insects, moulds, animal faecal matter and other contaminants like sand, stone and extraneous materials. The loss on drying result was found to be 36.67 % w/w indicating appreciable quantity of water. pH value of 10% aqueous solution was determined to be 1.75 indicating highly acidic nature of the fruit rind. Total ash was 11.50 % w/w, acid insoluble ash 0.75 % w/w and water soluble ash 0.37 % w/w indicated the inorganic proportion of the fruit rind. Water, ethanol and chloroform soluble extractive value were 41.36, 12.40 and 0.80 % w/w respectively. Heavy metals like Pb, Cd, As and Hg were found to be well within the limit and the fresh dried raw drug showed no colonies of microbes ( Table 1) . The qualitative phytochemical screening of the fruit rind using water,, ethanol and chloroform extracts revealed the presence of carbohydrates/sugars/glycosides, phenols, saponins and carboxylic acid in water and methanol extracts only, while protein, tannin, anthocyanin, flavanoids, phenols, steroids and alkaloids were absent in all the extracts tested ( Table 2) . HPTLC finger print profile of ethanol extract has been documented using suitable solvent system. TLC photo-documentation of ethanol extract under short UV showed 6 spots, under long UV there were 7 spots and under white light after derivatisation with vanillin sulphuric acid showed 6 spots with diagnostic R f values ( Table 3 and Figure 3a-c) . On densitometric scan of the at places it gets torn out exposing the inner tissue of hypodermis in mature fruit. Hypodermis is composed of several rows of compactly arranged, tangentially elongated, thick-walled cells embedded with dark brown contents, getting obliterated at places and forming narrow irregular elongated cavities, the outer mesocarp region consisting of loosely arranged tangentially elongated parenchymatous cells few loaded with starch grains, traversed with narrow bands of collapsed cells and oleo-resin ducts underneath this, followed by inner mesocarp zone embedded with rows of fibrovascular bundles, most of its cells being collapsed and compactly arranged; endocarp is inconspicuous (Figure 1f-g) .
Powder microscopy showed few oval to circular simple starch grains, yellowish brown resinous matter scattered as such throughout or embedded in the parenchymatous cells, epidermis of pericarp in surface view embedded with stomata, fragments of spiral vessels, fragments of sclerieds from the endocarp region, and fragments inner and outer mesocarp cells (Figure 2a-l) . The values of the physico-chemical constants such as foreign matter, loss on drying, pH, ash values and same plates under 254 nm and 366 nm 10 and 6 peaks were detected respectively (Figure 3d-e ). Acute oral toxicity study did not revealed mortality in any dose up to 2, 000 mg/kg of aqueous extract of fruits of G. pedunculata. This indicates the LD 50 of AFGP is more than 2,000 mg/kg and hence 1/5 th and 1/10 th of LD 50 dose was selected for the present nephroprotective study. The renal damage caused by single intraperitonial injection of cisplatin 20mg/kg was assessed by biochemical and antioxidant parameters such as serum urea, creatinine and estimation of catalase, glutathione peroxidase and lipid peroxidation. Cisplatin control group has shown significant increase in the serum urea and creatinine level as compared to the normal control group. The cisplatin induced elevation in the serum urea and creatinine were significantly reversed by treatment of AFGP (Table 4 ). Single intraperitoneal injection of cisplatin significantly increased lipid peroxidation as compared to normal control group. Cisplatin induced elevation in lipid peroxidation was considerably reversed by AFGP administered at both the doses. There was no change in the catalase activity but there was significant increase in the glutathione peroxidase enzyme level in AFGP administered at higher dose level as compared to cisplatin control ( Table 5 ). Histopathological examination of sections of kidney from normal control mice exhibited normal cytoarchitecture in both cortical and medullary regions. No remarkable changes could be seen in glomeruli or convoluted 
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Proteins ------ tubules. Kidney sections from cisplatin administered mice showed necrotic changes in the tubular epithelium, vacuolization oedema in the interstial tissue and focal cell infiltration was also observed. However, the medullalry region was not affected in remarkable manner. Sections obtained from AFGP treated mice showed only mild to moderate degenerative changes in comparison to the cisplatin control group. Vacuolization, frequency of focal cell infiltration and necrotic changes were much less in the AFGP administered group (Figure 4a-h) .
DISCUSSION
The process of finding out of standards of herbal drugs is an important aspect of medicinal plant research for establishing identity of plant drugs. To obtain standards on quality specifications of herbs, botanical description along with chemical composition, analytical and phytochemical examination is required. All the materials intended for medicinal purposes must undergo assessment of quality standards employing all possible means of botanical or chemical analyses. Standardisation of herbal Data expressed as Mean ± SEM, ** P<0.01, @ in comparison to normal control group, 1 µmoles/min/mg protein; 2 µmoles of glutathione/mg protein for 10 mi58n; 3 µmoles of MDA formed /g wet tissue.
AFGP -Aqueous extract of fruit rind of Garcinia pedunculata medicines is the process of developing and agreeing upon technical standards. 24 Macro-microscopic features are important quality determining tests for herbal drugs while confirming botanical source in dried form. The macro-microscopic of pericarp of G. pedunculata has been documented in the current study which has shown usual features of fruits, while multi-layered epidermal and hypodermal cells with contents can be used as diagnostic microscopic features of the drug. Physicochemical composition by Pharmacopoeia tests are employed normally for checking quality of herbal drugs as per international standards. The results obtained will infer quality in terms of its moisture content, ash content, extractive values which are widely used as standards for quality of herbal drugs. The constants obtained in the current study will serve as an indication of chemical quality of G. pedunculata for quality control and standardisation of this drug in further researches. Every plant acts on a biological system due to presence of certain phytochemicals, therefore it is essential to evaluate potency of an herbal drug in terms of its chemical compositions.
A preliminary qualitative phytochemical examination by colour tests indicated presence of carbohydrates/ glycosides and saponins. (-)-Hydroxy citric acid is the reported active principle of this species which may be responsible for the observed pharmacological actions. Botanical drugs can be effectively fingerprinted using high performance thin layer chromatography (HPTLC).
It is an efficient and cost effective way of analysing a broad number of chemical compositional variations qualitatively as well as quantitatively. TLC identity test is a part of every herbal monograph of international standards including FDAs. HPTLC profile of the G. pedunculata obtained in the current study can be used as a quality indicating fingerprint.
Cisplatin is an important cytotoxic agent used in the treatment of testicular, head & neck and cervical cancer. Despites its wide spread use in different solid tumors, its side effect on normal tissues like kidney, liver and neuronal tissues limits its use. 25 There are many strategies used to prevent its nephrotoxicity such as development of novel platinum based chemotherapeutic agent which causes less side effect on normal tissues such as carboplatin, hydration during cisplatin treatment, use of antioxidants, suppression of inflammatory process, inhibition of cell death pathways, decreased cisplatin uptake by renal cells etc. [26] [27] [28] The present study was designed to investigate renoprotective effect of aqueous extract of fruits of Garcinia pedunculata against cisplatin induced nephrotoxicity. It has been reported that cisplatin after single intraperitoneal administration can readily cross the cell membrane and gets accumulated in the renal tubular cells either through passive diffusion or by facilitated diffusion. After entering into the renal tubular cells it can trigger the signaling pathways that can promote cell death. Meanwhile it can also induce inflammatory cytokines such as TNF-α and cause inflammatory response. Other possible mechanism is, it can cause ischemic vascular damage and produce renal tubular damage. These changes collectively effects on drastic reduction in the glomerular filtration rate and pathological changes in the cytoarchitecture of renal tissue that leads to acute renal failure. [29] [30] [31] In the present study cisplatin administration caused signi ficant elevation in the serum urea and creatinine level as compared to normal control. This indicates the cisplatin administered at 20 mg/kg intraperitoneal injection readily caused renal toxicity. These cisplatin induced nephrotoxicity was significantly reversed by co administration of two different dose levels of AFGP.
Thus we can confirm that test drug has renoprotective activity based on biochemical results. The role of reactive oxygen species and free radicals in cisplatin induced nephrotoxicity has been reported in previous works. These free radicals and ROS were produced via xanthine-xanthine oxidative system, mitochondria and nicotinamide adenine dinucleotide phosphate (NADPH) oxidase in the cells in the presence of cisplatin and its metabolites. It can directly act on cellular components including lipids, proteins and DNA. [32] [33] Cisplatin and its metabolites can readily cause severe oxidative stress in the renal tissue. This can be evident from the increased lipid peroxidation and decreased defensive antioxidant enzymes such as catalase and glutathione peroxidase. In the present study there was significant elevation in MDA levels which indicates the lipid peroxidation in the cisplatin control as compared to the normal control. AFGP administered at 2 different dose levels has shown reduction in the lipid peroxidation and significant increase in the glutathione peroxidase as compared to the cisplatin control. Thus the observed renoprotective effect of the test drug could be due to its general cytoprotective activity and readily prevented the ischemic damage caused by acute cisplatin toxicity. The histopathology of kidney sections from cisplatin control exhibited necrotic changes in the tubular epithelium, edematous changes in the interstitial tissue and focal cell infiltration. Whereas the test drug administered at two dose levels has shown mild to moderate toxic changes as compared to cisplatin control and vacuolization, frequency of focal cell infiltration and necrotic changes were much less in the test extract administered group.
Thus histopathalogical findings support the generalized cytoprotective effect of test drug.
CONCLUSION
The study concludes that the quality standardized fruit of Garcinia pedunculata has nephroprotective activity.
The results of the study can be used for developing standards for this drug and for development of new drugs for nephroprotection.
